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Abstract
Perennial pepperweed (Lepidium latifolium L.) is an aggressive perennial forb that is infesting much of western North America.
Grazing may provide an alternative to chemical and mechanical control of perennial pepperweed. However, if livestock are used
in control efforts, they may spread weeds by depositing viable seeds in fecal pats in uninfested areas. This study consisted of
2 experiments using fistulated steers to estimate the effect of ruminant digestion on germination of perennial pepperweed seeds.
In Experiment 1, we tested the hypothesis that ruminal incubation (for 0, 48, and 96 hours) affects perennial pepper-
weed germination. In Experiment 2, we tested the hypothesis that type of incubation (no incubation, water only, or total
digestive tract) affects perennial pepperweed germination. In Experiment 1, germination was 17 and 15 times greater for the 48-
and 96-hour incubation treatments compared to the control, respectively. In Experiment 2, germination was 23 and 19 times
greater for the water and total tract incubation treatments compared to the control, respectively. Effects were attrib-
uted to a combination of seed hydration and seed coat scarification. Results from this study suggest that grazing should occur
prior to seed set or that livestock which have grazed perennial pepperweed bearing viable seed should be quarantined before
being moved to uninfested areas. These results also suggest that control of perennial pepperweed is especially important where
moving water may transport seeds off site.
Resumen
El ‘‘Perennial pepperweed’’ (Lepidium latifolium L.) es una hierba perenne agresiva que esta infestando muchas áreas de
Norteamérica. El apacentamiento puede ser una alternativa del control quı́mico y mecánico del ‘‘Perennial pepperweed,’’ sin
embargo, si el ganado es usado para el control de malezas, este puede dispersar semillas de ellas al depositar en áreas sin infestar
heces fecales conteniendo semillas viables de malezas. Este estudio consistió de dos experimentos usando novillos fistulados para
estimar el efecto de la digestión ruminal en la germinación de semillas de ‘‘Perennial pepperweed.’’ En el experimento 1
probamos la hipótesis que la incubación ruminal (0, 48, y 96 hora) afecta la germinación de las semillas de ‘‘Perennial
pepperweed’’ y en el experimento 2 probamos la hipótesis de que el tipo de incubación (sin incubar, solo agua y el paso, a través
del tracto digestivo) también afecta la germinación de las semillas de esta especie. En el experimento 1, a las 48 y 96 horas, la
germinación fue 17 y 15 veces mayor que la del control respectivamente. En el experimento 2, la germinación fue 23 y 19 veces
mayor para los tratamientos de agua y paso a través del tracto digestivo, respectivamente, en comparación con el tratamiento
control. Los efectos fueron a atribuidos a una combinación de hidratación de la semilla y la escarificación de la cubierta de ella.
Los resultados de este estudio sugieren que el apacentamiento puede ocurrir antes de la producción de semilla o que el ganado
que ha apacentado el ‘‘Perennial pepperweed,’’ y tiene semillas viables en el tracto digestivo, debe ser cuarentenado antes de ser
movido a áreas sin infestar. Estos resultados también sugieren que el control del ‘‘Perennial pepperweed’’ es especialmente
importante donde las aguas en movimiento puede transportar las semillas de esta especie fuera de sitios infestados.
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INTRODUCTION
Perennial pepperweed (Lepidium latifolium L.) is native to
southeastern Europe and western Asia. It is an herbaceous,
perennial forb in the mustard family (Brassicaceae) that is
infesting riparian areas, irrigation ditches, and flood meadows
in much of the western portions of Canada, Mexico, and the
United States. Perennial pepperweed spreads by a creeping root
The Eastern Oregon Agricultural Research Center is jointly operated by the US Dept of
Agriculture–Agricultural Research Service and the Oregon State University Agricultural
Experiment Station.
Correspondence: Michael F. Carpinelli, USDA-NRCS, 1041 Mesa Blvd, Suite C, Grants,
NM 87020. Email: carpinelli_michael@yahoo.com
Manuscript received 10 November 2004; manuscript accepted 9 August 2005.
632 RANGELAND ECOLOGY & MANAGEMENT 58(6) November 2005
system and is a prolific seed producer. Although perennial
pepperweed prefers seasonally flooded habitats, it is also
capable of invading adjacent rangeland (Young et al. 1995).
Herbicides provide short-term control of perennial pepper-
weed, but the most effective herbicides are restricted to non-
riparian areas (Sebastian et al. 1989; Reid et al. 1999; Renz
2002). Mowing and sheep grazing have been shown to reduce
perennial pepperweed density and standing crop for up to 1
year after treatment (Allen et al. 2001). Although cattle, sheep,
and goats will graze perennial pepperweed before, during, and
after flowering (Carpinelli et al. unpublished data, 2003),
impacts of long-term grazing by any species are unknown. It
is possible that long-term, repeated grazing may be used to
control perennial pepperweed. Livestock may be especially
effective in areas that are inappropriate for mechanical or
chemical control due to lack of arability or proximity to water.
However, if livestock are used in control efforts, they may
spread weeds by depositing viable seeds in fecal pats in un-
infested areas.
The nature (positive or negative) and degree of the effect of
ruminant digestion on seed germination is dependent on the
species of seed (Atkeson et al. 1934; Harmon and Keim 1934;
Lehrer and Tisdale 1956; Ozer 1979; Blackshaw and Rode
1991; Lyon et al. 1992; Peinetti et al. 1993; Lowry 1996;
Gökbulak 2002; Schauer et al. 2004). The objective of this
study was to determine the effect of ruminant digestion on
germination of perennial pepperweed seeds by testing germi-
nation after simulated digestion by cattle using a combination
of in situ and in vitro techniques (Tilley and Terry 1963).
This study consisted of 2 experiments. In Experiment 1, we
tested the hypothesis that ruminal incubation (for 0, 48, and 96
hours) affects perennial pepperweed germination. In Experi-
ment 2, we tested the hypothesis that type of incubation (no
incubation, water only, or total digestive tract) affects perennial
pepperweed germination.
MATERIALS AND METHODS
Perennial pepperweed seeds (herein called ‘‘seeds’’ unless other-
wise specified) for both experiments were collected on the
Malheur National Wildlife Refuge (UTM 11 349565E
4789765N), 32 km south of Burns, Oregon, in summer 2001.
Seeds were collected from 5 locations within an area 58 km in
diameter. Seeds from all 5 locations were pooled and stored at
about 228C and 10% relative humidity before experimental
treatment. Experimental treatments were applied in January–
February 2002 and June–July 2002 for Experiments 1 and
2, respectively.
Steers in Experiments 1 and 2 were offered meadow hay
(7% crude protein; dry matter basis) harvested from flood
meadows consisting of approximately 82% meadow foxtail
(Alopecurus pratensis L.), with the majority of the remaining
vegetation consisting of rushes (Juncus spp.), sedges (Carex
spp.), and blue wildrye (Elymus glaucus Buckl.) (Wenick 2000).
Hay was provided daily (0800 hours) at 120% of the average
intake for the previous 5 days, with feed refusals from the
previous day determined before feeding. A trace mineralized
salt mix was available free choice (7.3% Ca, 7.2% P, 27.8%
Na, 23.1% Cl, 1.5% K, 1.7% Mg, 0.5% S, 2 307 ppm Mn,
3 034 ppm Fe, 1 340 ppm Cu, 3 202 ppm Zn, 32 ppm Co, 78
ppm I, 85 ppm Se, 79 IU/kg vitamin E, and 397 kIU/kg vitamin
A).
Experiment 1
We compared the germination of untreated (control) seeds, and
seeds ruminally incubated for 48 or 96 hours (750 seeds per
treatment) using a mobile bag technique (de Boer et al. 1987).
Before the 48- and 96-hour incubation treatments, seeds were
placed in nylon bags (5 3 10 cm; 53 lm pore size; 30 seeds/bag)
and heat-sealed (de Boer et al. 1987). Two nylon nets (40 3 40
cm, 5 mm pore size, zipper closure) were placed in the rumen
of each of 5 ruminally cannulated steers (450 6 50 kg): 1 net
containing five 30-seed subsamples for the 48-hour treatment
and 1 net containing five 30-seed subsamples for the 96-hour
treatment. There were 5 replicates per treatment, with each
steer serving as a replicate for the 48- and 96-hour treatments
simultaneously. The nets were placed in the rumen in reverse
order (96-hour bags first, 48-hour bags 2 days later) so as to
allow all nets to be removed from the rumen at the same time.
Upon removal, all bags were rinsed with warm water until the
effluent was clear. Bags were dried for 24 hours at 228C; seeds
were then removed from bags and placed in coin envelopes
(24-pound brown kraft stock, 2.25 3 3.5 inches).
Each 30-seed subsample (including twenty-five 30-seed
subsamples from the untreated control) was placed on a germi-
nation cup (50 mm diameter 3 85 mm height, transparent
snap-top vial; Thornton Plastics, Salt Lake City, UT) with
a cellulose membrane in contact with the cup’s solution
reservoir containing 65 mL of polyethylene glycol solution
(PEG 8000; Union Carbide Corp., Danbury, CT) to maintain
a constant water potential of 0.03 MPa (as described in
Hardegree and Emmerich 1992), dusted with Daconil chlor-
othalonil fungicide (2,4,5,6-tetrachloro-1,3-benzenedicarboni-
trile, wettable powder), and placed in a controlled temperature
chamber for 12 days at 28C (stratification) followed by 9 days
at 228C (typical diurnal spring temperature of seed collection
site). Once germination under stratification conditions ap-
peared to cease, the temperature was raised and maintained
at the higher temperature until no further germination seemed
likely. The chamber was illuminated by incandescent and
fluorescent lights on a 12-hour photoperiod. Mean irradiance,
measured with a radiometer placed in the center of the
chamber, was 18.8 W m2. Seeds were examined, and germi-
nants were counted and removed on a daily basis over the 21-
day period. A seed was considered germinated when radicle
length reached 2 mm.
Experiment 2
We compared the germination of untreated (control) seeds,
seeds incubated in water for 48 hours, and seeds digested in the
total gastrointestinal tract of steers (600 seeds per treatment).
Before incubation, sixteen 75-seed subsamples were placed in
nylon bags (2.5 3 5 cm; 53 lm pore size; 75 seeds/bag) and
heat-sealed (de Boer et al. 1987). One nylon net (40 3 40 cm, 5
mm pore size, zipper closure) containing two 75-seed sub-
samples was placed into the rumen of each of 4 ruminally and
duodenally cannulated steers (450 6 50 kg). There were 4
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replicates (1 steer ¼ 1 replicate) per treatment. After 48 hours
of ruminal incubation, the nets were removed from the rumen,
and the bags were rinsed with warm water to remove
particulate matter and placed in a pepsin solution (0.1% wt/
vol pepsin [Sigma P-7012]; 10% vol/vol 1 N HCl; remaining
volume, distilled H2O) in an Ankom
 Daisy II incubator at
398C for 2 hours (with agitation) to mimic abomasal digestion
(Berthiaume et al. 2000). Following simulated abomasal di-
gestion, the nylon bags were rinsed and inserted into the
duodenal cannulae at 30-minute intervals. Within 20 hours of
duodenal insertion, all nylon bags were excreted in feces and
collected. Bags were rinsed with warm water to remove fecal
matter and dried for 24 hours at 228C, after which time the
seeds from each replication were removed from bags and placed
in coin envelopes (30 seeds/envelope). For the water-incubation
treatment, eight 75-seed subsamples (2 subsamples per repli-
cation) were incubated in distilled water at 398C in an Ankom
Daisy II incubator for 48 hours (with agitation) and dried for
24 hours at 228C; seeds from each replication were then
removed from bags and placed in coin envelopes (30 seeds/
envelope).
All seeds (including twenty 30-seed subsamples from the
untreated control) were treated as in Experiment 1 (germina-
tion cup, fungicide) and placed in a controlled temperature
chamber for 56 days at 38C (stratification) followed by 7 days
at 228C (typical diurnal spring temperature of seed collection
site). Once germination under stratification conditions ap-
peared to cease, the temperature was raised and maintained
at the higher temperature until no further germination seemed
likely. Chamber irradiance was as described for Experiment 1.
Seeds were examined, and germinants were counted and
removed on a daily basis over the 63-day period. A seed was
considered germinated when radicle length reached 2 mm.
Statistical Analysis
Data were analyzed as a randomized complete block with
subsampling (steers ¼ random effect; steers by treat-
ment ¼ random effect; treatment ¼ fixed effect). Data were
transformed to stabilize the variances among treatments using
the arcsine square root transformation. Means were separated
using Student’s t tests (P , 0.05).
RESULTS AND DISCUSSION
In Experiment 1, final cumulative germination was 17
(P , 0.01) and 15 (P , 0.01) times greater for the 48- and
96-hour incubation treatments compared to the control, re-
spectively (Fig. 1). The 48- and 96-hour incubation treatments
were similar (P ¼ 0.61). In Experiment 2, final cumulative
germination was 23 (P , 0.01) and 19 (P , 0.01) times
greater for the water and total tract incubation treatments
compared to the control, respectively (Fig. 1). The water and
total tract incubation treatments were similar (P ¼ 0.19). In
both experiments, cumulative germination was minimal before
temperature elevation (Fig. 2).
The increase in germination under incubation treatments in
both experiments may have resulted from seed hydration or
scarification, or both. Apparently, seed hydration was not
enhanced beyond 48 hours of ruminal incubation (Experiment
1) because the effects of 48- and 96-hour ruminal incubation
treatments were similar. Similar germination for the water and
total tract incubation treatments (Experiment 2) suggests seed
hydration effects were not influenced by type of incubation
(water vs. total tract). Osmotic conditioning—or priming—is
a presowing seed treatment intended to increase germination
rate through controlled hydration (allowing for pregerminative
metabolism without radicle extension), followed by harden-
ing—a drying period that ‘‘fixes’’ this invigorative effect
(Hanson 1973; Bradford 1986). The incubation and drying
treatments in Experiments 1 and 2 may have, in effect, primed
the perennial pepperweed seeds.
Both physical scarification (mastication, ruminal contrac-
tions, peristalsis) and chemical scarification (acidic and enzy-
matic conditions in the digestive environment) may contribute
Figure 1. Final cumulative perennial pepperweed germination for Experiments 1 and 2. In Experiment 1, germination was 3.44%, 58.8%, and 51.7%
for control, 48-hour ruminal incubation, and 96-hour ruminal incubation treatments, respectively. In Experiment 2, germination was 2.01%, 46.2%,
and 38.7% for control, water incubation, and total tract incubation treatments, respectively. Error bars ¼ 1 SE.
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to increased germination in some hard-coated seeds following
ingestion by livestock. Hoary cress (Cardaria draba [L.] Desv.),
formerly classified as a congener of perennial pepperweed and
bearing small, hard-coated seeds, increased germination 2.8
and 3.2 times after ingestion and passage by cattle and sheep,
respectively (Harmon and Keim 1934). Germination following
ruminal incubation was 1.8 times higher for field pennycress
(Thlaspi arvense L.) (Blackshaw and Rode 1991), another
member of the mustard family with small, hard-coated seeds
(NAPPO 2003). Ocumpaugh et al. (1995) suggest seed dor-
mancy may enhance seed viability after passage through the
digestive system of cattle. Perennial pepperweed seeds do not
appear to have an inherent dormancy system (e.g., hard seed
coat) (Miller et al. 1986), so it remains possible that any benefit
from scarification may be outweighed by seed degradation. In
this study however, it appeared the net combined effect of
hydration and scarification increased germination.
Prolonged exposure to the ruminant digestive environment
degrades the seed coat of some species, especially species with
a soft seed coat, to the point at which germinability eventually
decreases (Blackshaw and Rode 1991; Schauer et al. 2004).
In this study, seed coat degradation was likely minimal, as
evidenced by the similar germination between the 48- and 96-
hour ruminal incubation treatments (Experiment 1) and the
similar germination between the water incubation and total
tract incubation treatments (Experiment 2).
Typical total residence time in the digestive tract of a cow
from ingestion to defecation follows a Poisson-like distribution
with most passage occurring within 1 to 3 days; however,
passage can take up to 7 days or more (Poppi et al. 2001).
Following natural ingestion, residence time in the alimentary
canal may be relatively high for the buoyant seeds (specific
gravity , 1.0) of perennial pepperweed. Gardener et al. (1993)
found that of 18 species of grasses and legumes tested, only 4
had a specific gravity , 1.0, and that specific gravity had
a positive effect on rate of passage through the cattle digestive
system. However, reduced germination of perennial pepper-
weed caused by increased seed degradation resulting from slow
passage may be offset by reduced seed damage caused by
mastication (not tested here) because of its small seed size.
Akbar et al. (1995) found that about 90% of crested wheat-
grass seeds fed to cattle were passed without visible signs of
physical damage. Given that perennial pepperweed seeds are
much smaller than crested wheatgrass seeds, perennial pepper-
weed seeds may be even less prone to damage from mastication.
Potentially, some seeds that escape mastication may reside in
the digestive tract long enough to become nongerminable, but
given the variability in residence time, it is likely that at least
some germinable seeds are excreted.
MANAGEMENT IMPLICATIONS
The propensity of perennial pepperweed to thrive in areas in
proximity to moving water such as riparian areas, flood
meadows, and irrigation ditches allows for effective off-site
seed dissemination. The ability of perennial pepperweed to
expand its range may be further enhanced by the potential
increase in germinability from seed hydration and from the
mucilage its seeds produce upon wetting (Young and Evans
1973). Mucilage potentially aids substrate attachment as well
as germination under conditions of low osmotic potential
(Harper 1977). Therefore, control of perennial pepperweed
near moving water is especially important.
To minimize weed expansion, animals that have fed on
plants bearing viable seeds of any weed species are best
quarantined on weed-free forage or hay for at least 7 days
before transport to non–weed-infested areas. Because of the
potential increase in germination following ingestion by rumi-
nants, this practice is key. Once seed has passed through the
gastrointestinal tract and is deposited in fecal pats, germina-
bility of some species decreases over time with some seeds still
germinable after 3 months (Harmon and Keim 1934). Alter-
natively, germinability may increase with storage in fecal pats,
as has been shown with alfalfa (Atkeson et al. 1934) and sweet
clover (Harmon and Keim 1934). Akbar et al. (1995) found
that favorable moisture and temperature conditions within
fecal pats of cattle promoted crested wheatgrass germination.
With the increasing interest in using alternative classes of
livestock as weed control agents, it should be noted that
Figure 2. Cumulative perennial pepperweed germination (expressed as the percentage of total seeds per treatment) and chamber temperature for
Experiments 1 and 2.
58(6) November 2005 635
recovery of viable pasture seed from dung of sheep and goats
was found to be 50% and 25% less, respectively, than that of
cattle (Simao Neto et al. 1987). However, the invasiveness and
competitiveness of perennial pepperweed warrant the quaran-
tining of any livestock that have consumed mature seed, or
preferably, eliminating seed production altogether by grazing
prior to seed set.
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Comparison of the in situ and in vivo intestinal disappearance of ruminally
protected methionine. Journal of Dairy Science 83:2049–2056.
BLACKSHAW, R. E., AND L. M. RODE. 1991. Effect of ensiling and rumen digestion by
cattle on weed seed viability. Weed Science 39:104–108.
BRADFORD, K. J. 1986. Manipulation of seed water relations via osmotic priming to
improve germination under stress conditions. HortScience 21:1105–1112.
DE BOER, G., J. J. MURPHY, AND J. J. KENNELLY. 1987. A modified method for
determination of in situ rumen degradation of feedstuffs. Canadian Journal of
Animal Science 67:93–102.
GARDENER, C. J., J. G. MCIVOR, AND A. JANSEN. 1993. Passage of legume and grass
seeds through the digestive tract of cattle and their survival in faeces. Journal
of Applied Ecology 30:63–74.
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